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(54) PROCESS FOR THE PREPARATION OF PENTAFLUOROETHANE, FLUORINATION 
CATALYSTS AND PROCESS FOR THE PREPARATION THEREOF 



(57) A method of preparing pentafluoroethane 
wherein chlorine-containing cartpon compounds are 
fluorinated in the presence of chromium catalysts that 
are in an amorphous state and wherein the main com- 
ponent is chromium compounds with the addition of at 
least one metal element selected from the group com- 
posed of indium, gallium, cobalt, nickel, zinc and alumi- 
num and the average valence of the chromium in said 
chromium compounds is not less than +3.5 but not more 
than 4-5.0. And said chromium catalysts and a prepara- 
tion method thereof. 

A method of preparing pentafluoroethane wherein 
the total yield of chlorof luoroethane by-products can be 
decreased without significantly deteriorating the gener- 
ation activity of the pentafluoroethane and compounds 
which can be recycled in the reaction system. And to 
provide catalysts for this f luorination and a preparation 
method thereof. 
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Description 

piFI n OF THE INVENTION 

[0001] The present invention relates to a method of preparing pentafluorbethane. catalysts for fluorination and a 
preparation method thereof. 

PRIOR ART 

[0002] Generally, since saturated halogenated hydrocarbons containing hydrogen 

to as alternative flon) have an extremely low possibility of destroying the ozone layer, they have attracted much attentm 
as an aS^a^ve to halogenated carbons without hydrogen (for example, chlorofluoroethanes: hereinafter sometimes 

refen-ed to as specific flon) which have been used on the market ^„^„„ 
[0003] inparticular.pentatluoroethaneisexpectedtosatisfyawiderangeofusesasarefngeran^ 

a Snt and a dry etc^nt. Further, pentaf luoroethane is a useful substance because It is an inert and low-tox.c.ty gas 

ro"?ttTorrirarpr^r;^^^^ 

nation reaction of tetrachloroethylene or halogenated hydrocarbons [CaHCIxR^x): where.n x .5 1-5] uses a chromium 
oxide catalyst or an alumina catalyst carrying metals and so on. 
20 ?00051 However, it has been obvious that the conventional known reaction cannot avoid ttie Oene^«>n^^o^ 
ofluo methanes (specific flon) as by-products, in addition to the objective 

hydrocarbons represented as C2HCIxF(5.x) (where x is 1 -5) which can be recycled .n the reaction system as the start- 

K'^ln addition, chlorofluoroethanes ICa^F^,.^: where x is 1 -5] of this specHIc flon cannot r^^'ed m_the 
eaction system as the starting material, resulting in a production loss, diff iculty in separation from the objective product 
(peSShane) in the pur'ification process leading to a cost inaease for the purrfk^tion 

fteatoi. especially in the case of 1 -chloro-1 .1.2. 2.2.-pentaf luoroethane (hereinafter refen-ed to as CFC-1 15). Further. 

much exoense is required for the treatment. ^ . . ^ „^ 

Smt] Rrst. thVconventional methods of preparing pentaf luoroethane using a chromium oxide catalyst or an act- 
vated carbon catalyst carrying chromium or chromium oxide are desCTibed. « ,^.^hi«r«.i 

Si For ex Jnple. it is disclosed in USP No 3755477 that pentafluoroethane is produced using 2 2-d.chloro-1 
1 1-trifluoroethane (hereinafter referred to as HCFC-123) as a starting material in the presence of a <rhrom.urn <»ade 
catalyst JP Open No. 8-38904 illustrates that pentafluoroethane is generated from perchloroethylene in the presence 
^TcSoZu^xae catalyst treated reductively. Further, in WO No. 92/1 9576. it is disclosed that pentaf luoroethane is 
priucedTrom HCFC-1 23 in the presence of a chromium oxide prepared from m,)20:2(>r. « '\t^;;2t°n^^ 
Na456552 that pentafluomethane is produced using HCFC-123 as a starting material in the presence of an activated 

**1!|owSlSce the conventional methods using said catalysts, such as a chromium oxide cataj^* arjd 
Lctiva ed cartoon catalyst carrying chromium or chromium oxide, are limited in reducing the P^°"«'^'':^'*;°™^° " 
oethane by-products as described above, improvement in the problem of generating chlorofluoroethanes is still insuffi- 
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[00101 Especially in any of the said metiiods. it is difficult to lower the ratio of the total yield of chlorofluoroethane 
by-products to not more tiian 1% of the yield of the objective product, pentafluoroetinane. ^.^^ 
[601 1] Another method of preparing pentafluoroethane is known using alumina or aluminum fluoride catalysts car- 

ISl"^^ For example, the mettiods of preparing pentafluoroettiane are disclosed using startiiig materials such as 
p^cSLetMene.T^l. 2-trichloro-2, 2^^^^^ 

eSe ie Jataly^ CroOa/AI F3 in EP No. 638535; Mn (or Co. Cr)/AIF3 in JP Publ. No. 3-505328; 2n/alum.na in WO 
nT q^I^JS cJS/alumiia in JP Open. No 4-29940; and Cr/Ni/AI oxide catalyst in EP Na 609124^ 

BO [001 3] Compared to the cases using chromium oxide catalysts, the cases using these cata^»«t wrtin a^"» or alu- 
minurn fluoride as a carrier lead to a low reactivity being forced to react at a high temperature. Co;«equently^J not orty 
creates conditions for an increase in generation of the by-products, but also leads to increase both in equ-pment coste 
for heat of reactors and running costs. Furtiner. the larger reactor made of a higher qualrty material is required resulting 
from the necessity for a large amount of the catalyst. 

55 [Z4Y NS^Stalystsforthepreparationofpentaftioroethaneareproposedinwhich^^ 

alyst such as chromium oxide or f luorinated chromium oxide which has been made to carry metels. 

[0015] However, in most of these, the yield of tiie chlorofluoroethane by-products is not consdered. In addrtion. tii^ 

do not illustrate the proparation methods of pentafluoroetiiane showing a highly-active fluorination; namely, a high yield 
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of pentaf luoroethane and a controlled generation of chlorof luoroethane by-products. 

[0016] For example, in JP.Open. No. 2-178237, pentafluoroethane is prepared by fluorination of perchloroethylene 
using a catalyst Fe203-Cr203 with a good yield. In JP Open. No. 7-61944, pentafluoroethane is obtained by using 
HCFC-123 as a starting material and a catalyst In/ CrOxFy (the catalyst shown in the published patent gazette is spec- ■ 

5 ified with a composition that gives a Cr valence of +3.0) treated with hydrogen at 400*^0 for 4 hr. In JP Open. No. 8- 
108073, preparation of pentafluoroethane is also disclosed using HCFC-123 as a starting material and a catalyst 
Ga/CrOxPY (the catalyst shown in the published patent gazette is specified with a composition that gives a Cr valence 
of +3.0) treated with hydrogen at 400**C for 4 hr. Both gazettes show the controlled effect on lowering the activity due to 
an increase in the reaction pressure and the long life of the catalyst. 

10 [001 7] However, none of the said examples show findings relating to the generation of chlorof luoroethane by-prod- 
ucts. 

[0018] Namely, although WO No.95/27688 discloses a method of preparing pentafluoroethane using catalysts of 
2n/Cr oxides, this does not illustrate the finding relating to the total yield of chlorof luoroethane by-products. The amount 
of CFC-1 15 is shown, however, in the example using perchloroethylene as a starting material, the ratio of GFC-1 15 to 
15 pentafluoroethane generated is 0.59%. Further, in the example using HCFC-123 as a starting materiai. even the ratio 
of CFC-1 15 to the combined amount of HFC-125 with HCFC-124 already reaches 1.46%; accordingly, the reducing, 
effect on chlorof luoroethanes is insufficient. 

[001 9] Further, a method of preparing pentafluoroethane from perchloroethylene using an Mg/Cr oxide catalyst is 
disclosed in EP No. 733811. However, large amounts of chlorof luoroethane by-product are obviously generated in all 

so examples shown there, compared with the comparative example, and the ratio of the total amount of chlorofluoroethsine 
generated to the amount of pentafluoroethane generated is high, and in the range of 2.9 to 7.0%. 
[0020] In another fluorination reaction of 2-chloro-1, 1, 1 -trif luoroethane (hereinafter referred to as HCFC-133a). a 
chromium oxide catalyst with the addition of some metals is also proposed. 
. [0021 ] . For example, the fluorination reaction of HCFC-1 33a is disclosed in JP Open, No. 2-1 72933 using a catalyst 

2$ comprised of halogenated compounds or oxides containing Cr and at least one element selected from a group com- 
posed of Al, Mg, Ca. ^a. Sr. Fe. Ni. Co. and Mn. The fluorination reaction of HCFC-133a is also disclosed in EP No. 
546883, where the catalyst composed of a base material of an oxide of Cr mixed with Ni prepared by a hydroxide sol of 
Cr^-^ with Ni^* is used: 

[0022] However, this literature does not show findings relating to activity and sefectivity of the generation read^^^ 
30 of pentafluoroethane or the yield of chlorof luoroethanes. Also, the reactivity of the generation reactiorl of pentafluor- 
oethane cannot be easily predicted. Further, since the catalyst in the former is calcinated at 450°C for 5 hr and also the 
catalyst in the latter is prepared through calcination at 420''C for 4 hr, the average valence of the Cr becomes approxi- 
mately +3.0. Therefore, these conditions are unsuitable to obtain an amorphous catalyst. 

35 PURPOSE OF THE INVENTION 

[0023] The present invention has been accomplished in consideration of the existing facts described above. The 
purpose is to provide a method of preparing pentafluoroethane using catalysts that are capable of (1 ) reducing the total 
yield of chlorofiuoroethane by-products when preparing pentafluoroethane without significantly deteriorating the gener- 
ic ation activity of the objective product, pentafluoroethane, and C2HCIxF(5.x) ( where x is an integer between 1 and 5), 
which can be recycled in the reaction system as a starting material; (2) consequently controlling production losses as • 
well as purification equipment costs; and (3) improving the purity of the pentafluoroethane produced. 
[0024] Another object of the present invention is to provide catalysts for fluorination which can be used in the prep- 
aration of pentafluoroethane described above and a preparation method thereof. 

45 

CONSTITUTION OF THE INVENTION 

[0025] In order to solve said problems, the present inventors have examined improvements to chromium catalysts 
such as chromium oxide and f luorochromium oxide and found that chromium catalysts in an amorphous state with an 
50 average valence of the chromium not less than +3.5 but not more than +5.0 and with the addition of at least one metal 
element selected from a group composed of indium, gallium, cobalt, nickel, zinc and aluminum are capable of reducing 
the total yield of chlorofiuoroethane by-products when preparing pentafluoroethane without significantly deteriorating 
the generating activity of pentafluoroethane and of C2HClxF(5.x) (where X is an integer between 1 and 5), which can be 
recycled in the reaction system ias the starting material. 
.55 [0026] Namely, as a result of an examination aiming at the relationship between the chromium valence and the 
reactivity in the added chromium catalyst, the present inventors have revealed that said effect is obtained using cata- 
lysts for which the average valence is about +4. This is assuming that the valence variation to be considered as one of 
the catalytic properties of the chromium is easy to occur. Because a valence of +6 is thermally unstable and also often 
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shows sublimation, 'rt has sometimes posed problems in use as a catalyst 

[0027] Further, it is proved that the average valence of chromium as an entire catalyst specified by the results of the 
composition analysis and determination of the magnetic susceptibility does not always have a comparatively stable inte- 
ger value of +3. +4 or +6. That Is because the average valence is not considered to give integer values due to mixing 

5 of chromiums of valence of +3. +4 or +6. 

[0028] For the above reason, the average valence of the chromium, including mainly chromium with a valence of 
+4. should be def ined as not less than +3.5 but not more than +5 {preferably +4 to +4.5). By being not less than +3.5, 
the catalytic activity is improved compared with lower values, and by being not more than +5.0. the catalyst becomes 
highly active with a stable structure compared with Ngher value. Further, by adding said metals to these chromium cat- 

10 alysts. a highly-active catalyst which generates hardly any chlorof luoroethanes is obtained with the above effect. 

[0029] Namely the present invention relates to a method of preparing pentafluoroethane (hereinafter refen-ed to as 
the present inventive method of preparing pentafluoroethane) wherein chlorine-containing carbon compounds are f luor- 
inated under the presence of chromium catalysts that are In an amorphous state. The main component of said chro- 
mium catalysts is chromium compounds with the addition of at least one metal element selected from the group 

75 composed of indium, gallium, cobalt, nickel, zinc and aluminum. The average valence of chromium in said chromium 
compounds is to be not less than +3.5 but not more than +5.0. 

[0030] As aforementioned, although some chromium oxide or f luorinated chromium oxide catalysts having a chro- 
mium valence of +3 with added metals are proposed, the following findings have been found through meticulously 
repeated studies by the present inventors: 

20 In the presence of a chromium catalyst in an amorphous state which contains the chromium compound with the addi- 
tion of at least one metal element selected from the group composed of indium, gallium, cobalt, nickel, zinc and alumi- 
num, this compound having a valence larger than +3. in which the compound is stable, and smaller than +6, In which 
the compound often shows sublimation, and preferably not less than +3.5 but not more than +5.0; 
by f luorlnating such compounds as chlorine-containing hydrocarbons, including perchloroethylene. 1. 1 -dichloro-2. 2. 

25 2-tr*if luoroethane and 1 -chloro-1 . 2. 2. 2-tetrafluoroethane. 

both a highly-active pentafluoroethane generation reaction and a decrease in the ratio of the yield of d-.'orof luoroethane 
by-products to the yield of pentafluoroethane can be brought about. 

[0031] In particular, said high activity leads to a decrease in both equipment costs and running costs by enabling a 
lower reaction temperature, decrease in the catalytic amount, and long-life catalyst. Moreover, since in practice hardly 
30 any chlorof luoroethane by-products are generated, further generation of chlorofluoroethane by-products can be con- 
trolled. 

[0032] The activity in the main reaction (the generation reaction of pentafluoroethane) of the catalyst in an amor- 
phous state with a chromium valence of +3.5 to +5 is much higher than the activity of a crystalline catalyst or a catalyst 
with a chromium valence of +3. This high activity, which is a characteristic of a catalyst's amorphous nature, can be fully 
35 utilized to control the amount of specific flon generated by adding metal elements. In addition, to generate the same 
amount of HFC-125. the high activation of the amorphous catalyst enables the lowering of the reaction temperature 
and. due to the effect of the added metals, results in a dramatically lower absolute amount of specific flon than if using 
a crystalline catalyst. 

[0033] Herein, said average valence of the present invention means a chromium valence specified by composition 
40 analysis and determination of the magnetic susceptibility. The average valence of the chromium in said catalyst speci- 
fied by said composition analysis is calculated from the result obtained by actually conducting a composition analysis 
on the said chromium catalyst. The average valence of the chromium in said catalyst specified by determination of the 
magnetic susceptibility is theoretically calculated from the result obtained by the change in the magnetic susceptibility 
of said catalyst resulting from a change in temperature. (Concrete measurement methods will be described later.) 
45 [0034] Herein, said average valence is preferably not less than +3.6 but not more than +4.8 (furthermore preferably 
not less than +4.0 but not more than +4.5). 

[0035] Further, said amorphous state means an amorphous state of the whole catalyst and this is the state where 
no diffraction peak assigned to p specific crystalline structure exists in the X-ray diffraction measurement, for example. 
[0036] The f luorination res^^iion of the present inventive method of preparing pentafluoroethane may use HP. Fg or 

so the other fluorine-containing hydrocarbons as the f luorinating agent 

[0037] The present invention provides chromium catalysts for f luorination which can be used in the present inven- 
tive method of preparing pentafluoroethane. The main component of said chromium catalysts, which is in an amor- 
phous state (hereinafter referred to as the present inventive catalysts), is chromium compounds with the addition of at 
least one metal element selected from the group composed of indium, gallium, cobalt, nickel, zinc and aluminum. The 

55 average valence of the chromium in said chromium compounds is not less than +3.5 but not more than +5.0. 

[0038] The present inventive catalyst is a chromium catalyst for f luorination reaction submitted to various f luorina- 
tion reactions, preferably in particular submitted to a method of preparing pentafluoroethane obtained by f luorination of 
ethanic and ethylenic chlorinated hydrocarbons (or chlorinated carbons). 
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[0039] Further, as a preparation method of the present inventive catalyst with good reproducibility, when preparing 
the chromium catalyst in an amorphous state for f luorination, the main component of which is chromium compounds 
. . with the addition of at least one metal element selected from the group composed oif indium, gallium, cobalt, nickel, zinc 
and aluminum and the average valence of the chromium in said chromium compounds being not less than +3.5 but not 
5 more than +5.0; 

the present invention provides a method of preparing catalysts for fluorination (hereinafter referred to as the method of 
preparing the present inventive catalyst) wherein the chromium catalyst in said amorphous state for fluorination is 
obtained by calcinating in an atmosphere of inert gas. 

[0040] According to the method of preparing the present inventive catalyst, when preparing the present inventive 
10 catalyst, the chromium catalyst for fluorination which is in said amorphous state can be obtained by calcinating in an 
atmosphere o1 inert gas such as nitrogen, for example. Said calcination can be conducted at a temperature of SBC'C to 
410°Cfpr0.5hrto3.5hr. 

[0041] First, the present Inventive method of preparing pentafluoroethane is illustrated. 
• [0042] In the present inventive method of preparing pentafluoroethane, it is preferable to fluorinate at least one of 
IS said chlorine-containing hydrocarbons selected from the group composed of perchloroethylene, 1, 1-dichloro-2, 2, 2- 
trifluoroethane and 1-chloro-1, 2, 2, 2-tetrafluoroethane by hydrogen fluoride. 

[0043] Further, it is desirable that said chlorine-containing carbon compounds are any of 1 , 1<Jichloro-2, 2. 2-trif- 
luoroethane (HCFC-1 23) and 1 -chloro-1 . 2. 2. 2-tetrafluoroethane (HCFC-1 24) or their mixture. 

[0044] Namely, when using HCFC-1 23 and HCFC-124 (especially HCFG- 124) as the starting material, the gener-. 
20 ation of chlorofluoroethane by:products can be controlled to an extremely small amount and simultaneously the objec- 
tive pentafluoroethane can be obtained with a high yield. 

[0045] Of course, perchloroethylene can be used as the starting material and in this case, it is considered that per- 
chloroethylene is converted to pentafluoroethane through intermediates such as HCFC-123 and HCFC-124. 
[0046] The present inventive method of preparing pentafluoroethane as described above is extremely effective 

25 especially in the reaction which generates chlorofluoroethane by-products. Accordingly, in the present invention, such 
a reaction is not limited to starting materials. However, the reaction is extremely effective in the case of fluorination by 
hydrogen fluoride of any of perchloroethylene, 1. l-dichloro-2, 2, 2-trifluoroethane iand 1 -chloro-1. 2, 2, 2-tetrafluor- 
oethane or their mixture or a mixture of 1 , 1 -dichtoro-2, 2, 2-trifluoroethane and 1 -chloro-1 , 2. 2, 2-tetrafluoroethane for 
which the yield of pentafluoroethane Is relatively high and the amount of chlorof luoroethanes generated Is large. 1 , 1 ,2- 

30 trich|oro-2, 2-difluoroethane (HCFC-122) and the like may be used as the said chlorine-containing carbon compounds. 
[0047] The conditions of the fluorination reaction in the present inventive method of preparing pentafluoroethane 
can be selected according to the characteristics of each starting material. 

[0048] For example, the molar ratio for the reaction of HF with the chlorine-containing carbon compounds (espe- 
cially any of perchloroethylene, HCFC-123 and -124) as starting materials is usually (0.9-100) : 1 , and the reaction tem- 

35 perature is usually ^50°C to 450''C. The contact time pf said catalyst with the reaction gas (value obtained by dividing 
the catalyst weight by the amount of reaction gas flowing per unit time) is usually 0.1 g/NmL • sec-50 g/NmL • sec. For 
this, preferable reaction pressure can be selected appropriately by the species of starting gas submitted to the reaction. 
[0049] Fpr example, in the fluorination reaction which generates pentafluoroethane from HCFC-1 23, the cpnversion 
ratio to pentafluoroethane and the yield of chlorofluoroethanes can be varied by appropriately changing the molar ratio, 

40 the reaction temperature, the contact time, and the pressure of reaction of the fluortnating agents, such as HF with 
HCFC-123. The conversion ratio to pentafluoroethane tends to rise as the reaction temperature and the contact time 
increase. 

[0050] Considering the cost of manufacturing equipment, the running costs for the reaction conditions and the 
above reaction conditions, the reaction temperature should preferably be 250**C to 380°C and the. molar ratio of the 

45 reaction should be preferably 2 to 10. Further, the contact time should preferably be 0.2 g/NmL • sec-20 g/NmL • sec. 
Furthermore, the reaction pressure should preferably be near atmospheric pressure. Although the reaction can be con- 
ducted under pressures higher than atmospheric pressure, the conversion ratio to pentafluoroethane tends to lower. 
[0051] According to the present inventive method of preparing pentafluoroethane, when fluorinating 1, 1-dichloro- 
2, 2, 2-trifluoroethane as said chlorine-containing carbon compound under the presence of said chromium catalyst, the 

50 ratio of the total yield of chlorofluoroethane by-products to. the yield of pentafluoroethane obtained can be fully control- 
led to be not more than 0.5%, 

[0052] Further, when fluorinating 1-chloro-1, 2, 2, 2-tetrafluoroethane as said chlorine-containing carbon com- 
pound, the ratio of the total yield of chlorofluoroethane by-products to the yield of pentafluoroethane obtained can be 
fully controlled to not more than 0.3%. 
55 [0053] Thus, according to the present inventive method of preparing pentafluoroethane. the efficient preparation of 
pentafluoroethane can be conducted without significantly deteriorating the yield of pentafluoroethane and generation 
activity of C2HCIxF(5.x) (where x is an integer between 1 and 5), which can be recycled . and the ratio of the total yield 
of chlorofluoroethane by-products to the yield of pentafluoroethane obtained can be controlled to not more than 0.5% 
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or 0.3%, and in addition, the total yield of chlorof luoroethane which can not be recycled to the reaction system as a 
starting material is lowered, and the generation of CFC-1 1 5 which is difficult to separate from pentaf luoroethane can be 
controlled. 

[0054] In the the present inventive method of preparing pentaf luoroethane, said chromium compounds may be at 
least one species selected from the group composed of chromium oxide, chromium fluoride, f luorochromium oxide and 
chlorofluorochromlum oxide. Namely, the catalyst used in the present inventive method of preparing pentaf luoroethane 
may be mixtures of such various forrris, for example, fluorochromium oxide and the like including chromium of different 
valences. 

[0055] Prior f luorination is preferable before said chromium catalyst is submitted to the f luorination reaction of said 
chlorine-containing carbon compounds. For example, the f luorination can be conducted by setting said catalyst at a pre- 
scribed tenrperature and for a prescribed time in a mixture of HP gas and N2 gas. 

[0056] Herein, said chromium catalyst such that the specific surface area becomes 25-130 m^ /g after said f luori- 
nation can be used. Namely chromium oxide including amorphous Cr of high valence with added metals is prepared 
by the above method, thereafter the catalyst of 25-130 m^ /g is spontaneously obtained by perfonning HP gas treatment 
at 100 to 460**C. preferably at 150 to 400**C. This reaction is conducted using HP diluted with nitrogen gas (HP: 5 to 
20%) at a low temperature (150 to 250**C) in the beginning of the HP treatment which is an extremely large exothermic 
reaction; thereafter a rise in the temperature or increase in the HP concentration is desirable. 

[0057] The amorphous state of said chromium catalyst can be made by calcinating said chromium catalyst con- 
ducted in an atmosphere of inert gas. 

[0058] The amorphous chromium catalyst having the valence described above can be formed by said calcination 
within the above temperature and time. Especially, said calcination is preferably conducted within the temperature and 
time ranges of 380 to 410°C and 0.5 to 3.5 hr, respectively. 

[0059] Moreover, in the present inventive method of preparing pentaf luoroethane, addition methods of said metal 
elements to said chromium catalyst are not limited. Por example, after immersing chromium hydroxide in an aqueous 
solution of said metal elements followed by drying, said calcination may be conducted (impregnation method or immer- 
sion method: refer to Fig. 1). Or after obtaining chromium hydr-oxide containing said metal elements by cop ecpitation 
from an aqueous solution dissolving said metal elements and chromium followed by drying, said calcination may be 
conducted (coprecipitation method: refer to Pig. 2). 

[0060] Namely, for example, there is the impregnation method wherein chromium catalysts or chromium hydroxide, 
which is the precursor of the chromium catalyst, are immersed in an aqueous solution of said metal salts followed by 
drying and calcination, and there is the coprecipitation method wherein a precipitant such as aqueous ammonia is 
added to a mixed aqueous solution comprising an aqueous solution of metal salts of said metal elements and an aque- 
ous solution of chromium salt to give chromium hydroxide containing said metal elements and is followed by calcination 
. Using these methods, at least one metal element selected from the group composed of In. Ga, Co, Ni, Zn and Al is 
added to a chromium compound. 

[0061] While the added amount of said metal element to the chromium catalyst such as chromium oxide may not 
be too small to obtain the present inventive effect, it may not be enough to significantly inhibit the reactivity of the chro- 
mium catalyst. Namely the ratio of number of atom to Cr in the catalyst is desirable within the range of 0.001 to 0.5, and 
preferably 0.005 to 0.1 (the method of preparing the present inventive catalyst is the same). 

[0062] Thus, when f luorlnating said catalyst by HP and the like in order to stabilize the initial activity of said catalyst 
and to dehydrate, addition of said metal elements Is possible after said f luorination treatment; however, it Is desirable to 
be conducted before f luorination treatment 

[0063] In the present inventive method of preparing pentaf luoroethane. the addition or carrying of an element hav- 
ing an improving effect on the reactivity or selectivity to said chromium catalyst except chromium, indium, gallium, 
cobalt, nickel, zinc, aluminum, oxygen, chbrine and fluorine, is desirable. Said element may be at least one element 
selected from the group composed of cadmium, magnesium and titanium. 

[0064] When f luorinating said chlorine-containing carbon compounds using hydrogen fluoride, a part or all of the 
generating products can be returned to the reaction system or can be led to another reaction system in which fluorina- 
tion is conducted by hydrogen fluoric > using catalysts as claimed in claim 1 . Further, separating the mixture containing 
pentaf luoroethane and hydrogen chloride from said products, the residual products may be returned to said reaction 
system or may be led to said another reaction system. 

[0065] Such processes make it possible to prepare pentaf luoroethane more efficiently 
[0066] Next, the present inventive catalyst is illustrated. 

[0067] In the present inventive catalysts, said chromium compounds may be at least one species selected from the 
group composed of chromium oxide, chromium fluoride, fluorochromium oxide and chlorofluorochromlum oxide. 
Namely, if the chromium valence is within the range of said valence number, it may be of said various forms. 
[0068] The present inventive catalyst is desirably fluorinated. Especially, the specific surface area after said fluori- 
nation is preferably within 25-130 m^/g. 
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[0069] In the present inventive catalysts, the addition of an element having an improving effect on reactivity or 
selectivity except chromium, indium, gallium, cobalt, nickel, zinc, aluminum, oxygen, chlorine or fluorine is desirable. 
Said element may be at least one element selected from the group composed of cadmium, magnesium and titanium. 
[0070] Next, the method of preparing the present inventive catalyst is illustrated. 

5 [0071] By treating chromium hydroxide obtained from a preparation method described later at high temperature in 
an inert atmosphere, dehydration as well as generation of chromium oxide proceed, and simultaneously, the surface 
area increases. These phenomena proceed by calcination even under the conditions of a comparatively lower temper- 
ature of between 300**C and 370**C, or a short time of 0.4 hr and a sufficiently large surface area is obtained. However, 
many hydroxyl groups (OH* ) in the catalyst remain in this calcination condition and thus the chromium valence in the 

10 catalyst obtained becomes a value below +3.5. Inversely, in calcination conditions of above 41 O^'C or beyond 3.5 hr. the 
valence of the chromium ion transfers from stable +4 to +3. On the crystal structure of chromium oxide, the catalyst also 
transfers from an amorphous to a stable Gr203 (Cr +3 valence) crystalline structure and in addition the average valence 
of chromium becomes a value below +3.5. 

[0072] From the above examination results, in order to obtain a catalyst where the average valehce of chromium in 
15 the amorphous state shows not less than +3.5 but not more than +5.0 by calcinating chromium hydroxide obtained from 
the preparation method illustrated in the present application, calcination at dSO'^C to 410*'C, especially, 400*^0 and for 
0.5 to 3.5 hr, preferably 2 hr in an inert atmosphere is suitable. 

[0073] After immersing powdered chromium hydroxide in an aqueous solution of said metal elements followed by 
drying, said calcination can be conducted (impregnation method or immersion method: refer to Fig. 1). Or after obtain- 
20 ing chromium hydroxide containing said metal elements by coprecipitation from an aqueous solution dissolving said 
metal elements and chromium followed by drying, said calcination may be conducted (coprecipitation method: refer to 
Fig. 2). 

[0074] Said chromium compounds in the method of preparing the present inventive catalysts may be at least one 
species selected from the group composed of chromium oxide, chromium fluoride, fluorochromium oxide and chlo- 
25 rofluorochromium oxide. 

[0075] In the method of preparing the present inventive catalyst, fluorination after said calcination of said catalyst 
is desirable. The said fluorination can be conducted for controlling the specific surface area of said catalyst for fluorina- 
tion to within 25-130 m^/g. 

[0076] Further, in said catalyst for fluorination in the present inventive method, addition of an element having an 
30 improving effect on reactivity or selectivity except chromium, indium, gallium, cobalt, nickel, zinc, aluminum, oxygen, 
chlorine and fluorine is desirable. 

[0077] Said element may be at least one element selected from the group composed of cadmium, magnesium and 
titanium. . 

[0078] In the method of preparing the present inventive catalyst, the average valence number of the chromiurh in 
35 said catalyst is not less than +3.5 but not more than +5.0 and the catalyst is amorphous. Such a catalyst for fluorination 
is prepared by the following method, for example. 

[0079] First, precipitate of chromium hydroxide is obtained by mixing an aqueous solution of chromium salt (for 
example, chromium nitrate, chromium chloride, chrome alum and chromium sulfate) and aqueous ammonia. 
[0080] Next, for example, precipitate of chromium hydroxide is obtained by dropping 10% aqueous ammonia equiv- 
40 alent to about 1 .2 times into a 5.7% aqueous solution of chromium nitrate. In this process, although the property of chro- 
mium hydroxide can be controlled through the reaction rate of the precipitation reaction, the reaction rate is desirably 
rapid to a considerable extent. This reaction rate is controlled by the temperature of the reaction solution, the mixing 
method for the aqueous ammonia (mixing rate) and the stirring conditions. 

[0081] Subsequently, this precipitate is filtered, washed and dried. This drying is desirably performed at 70'*G to 
45 1 40°C in air, especially at around 1 20**C for 1 hr to 50 hr, especially for around 1 2 hr, for example. The material obtained 
in this step is chromium hydroxide. 

[0082] Next, after this chromium hydroxide is immersed, for example, in an aqueous solution of indiumnitrate (for 
example, in order to control the atomic ratio of indium in the aqueous solution of Indium nitrate to chromium in this chro- 
mium hydroxide to be about 1 : 0.03, the concentration of said aqueous solution is adjusted) for about 12 hr, chromium 
50 hydroxide with added indium is obtained by drying at 120**C for 12 hr, for example.. 
. [0083] Next, to make a pellet-shaped catalyst, after grinding the chromium hydroxide with added indium, the shape 
is molded into a pellet by a tableting machine. The pellet may be cylindrical of 3 mrn in diameter and about. 3 mm in - 
height. Considering the pressure loss and the diffusion of the gas flow, said pellet is desirably molded in a hollow cylin- 
drical form. 

55 [0084] By calcinating the molded catalyst in an atmosphere of an inert gas such as nitrogen, the average valence 
number of the chromium is not less than +3.5 but not more than +5.0 and the amorphous chromium oxide is prepared. 
[0085] The calcination temperature is preferably not less than 380*'C. However. Cr203 (chromium valence is +3) 
composition is formed if too high; therefore, it is desirable to set the higher temperature within the range that is capable 
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of avoiding it. Accordingly, this calcination is canried out. for example, at 380''C to 410*C, especially around 400*»C for 
0.5 hr to 3.5 hr, especially for around 2 hr. As described above, if this calcination time is longer than the above range, 
Cr203 is generated and the chromium catalyst having a high average valence number cannot be obtained, while if too 
short, the number of the remaining hydrQxyl group in the catalyst tends to become too high. 
5 [0086] Next, f luorination treatment of the catalyst can be carried out with CFCs. HCFCs, HF or F2. If the f luorination 
treatment is not conducted, the generation reaction of objective pentafluoroethane is severely Inhibited and generation 
of by-products is sometimes accelerated since fluorlnation of the catalyst proceeds during the generation reaction of 
pentafluoroethane. 

[0087] Especially in the case of f luorination treatment with HF, the higher the temperature and the pressure are, the 
10 larger the rate of progress is. The temperature at which the generating water is not condensed in the process and at 
which the catalyst is not crystallized by the reaction heat may be maintained as the upper limit. For example, the tem- 
perature when fluorinating may be within the range of 100°C to 460°C. 

[0088] Herein, the specific surface area of the catalyst decreases in the range of 25 m^/g to 130 m /g by this fluor- 
lnation treatment. 

IS [0089] Except for the above method, preparation of the chromium catalyst is possible wherein the average valence 
number of chromium in the catalyst is within not less than +3.5 but not more than +5.0 and the catalyst is in the amor- 
phous state. However, in order to obtain the present inventive catalyst, the various conditions for obtaining chromium 
hydroxide by precipitation reaction (neutralization reaction) and calcination condition of chronriium hydroxide and so on 
in the above method of preparing the catalyst are especially significant. 

20 [0090] Herein, as for an example of another preparation method except the above preparation examples of the cat- 
alyst, there are coprecipitation methods for obtaining the precipitate of chromium hydroxide by mixing an aqueous solu- 
tion of indium nitrate with an aqueous solution of chromium nitrate instead of innpregnating an aqueous solution of 
indium nitrate into chromium hydroxide . 

2S INDUSTRIAL APPLICATION 

[0091 ] According to the present inventive method of preparing pentafluoroethane. since (1 ) chlorine-containing car- 
bon compounds are f luorinated in the presence of chromium catalysis that are in an amorphous state; (2) the main 
component of said chromium catalysts is a chromium compound with the addition of at least one metal element 

30 selected from the group composed of indium, gallium, cobalt, nickel, zinc and aluminum; and (3) the average valence 
of chromium in said chromium compound is not less than +3.5 but not more than +5.0. it is possible to decrease the 
total yield of chlorofluoroethane by-products when preparing pentafluoroethane without significantly deteriorating the 
generation activity of the pentafluoroethane and C2HCIxF(5.x) (where x is an integer between 1 and 5). which can be 
recycled in the reaction system as a starting material. 

35 [0092] The present inventive catalysts, which are in an amorphous state and wherein the main component is diro- 
mium compounds with the addition of at least one metal element selected from the group composed of indium, gallium, 
cobalt, nickel, zinc and aluminum and the average valence of chromium in said chromium compounds is not less than 
+3.5 but not more than +5.0, are useful as catalysts for f luorination in various f luorination reactions and can be submit- 
ted especially to the present irrventive method of preparing pentafluoroethane. 

40 [0093] According to the method of preparing the present inventive catalyst, when preparing the chromium catalyst 
In an amorphous state for fluorination wherein chromium compounds with the addition of at least one metal element 
selected from the group composed of indium, gallium, cobalt, nickel, zinc and aluminum are contained as the main com- 
ponent and the average valence of the chromium in said chromium compounds is not less than +3.5 but not more than 
+5.0. since the chromium catalyst in said amorphous slate for fluorination is obtained by calcination in an atmosphere 

45 of inert gas. the chromium catalyst in said amorphous state for fluorination can be prepared with good reproducibility. 

RRIgF DESCRIPTION OF THE DRAWINGS 
[0094] 

so 

Fig. 1 is a flowchart showing the catalyst preparation example relating to an Example of the present invention. 
Fig. 2 is a flowchart showing the catalyst preparation example relating to another Example of the present invention. 
Fig. 3 is a flowchart showing the catalyst preparation example relating to a Comparative Example. 
Rg. 4 is a graph showing the result of X-ray diffraction measurement of Catalyst 1. 
55 Rg. 5 is a graph showing the result of X-ray diffraction measurement of Catalyst 2. 

Fig, 6 is a graph showing the result of X-ray diffraction measurement of Comparative Catalyst 1. 
Rg. 7 is a graph showing the result of X-ray diffraction measurement of Comparative Catalyst 2. 
Rg. 8 is a graph showing the result of X-ray diffraction measurement of Connparative Catalyst 3. 
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Fig. 9 is a process flowchart of recycling based on another Example of the present invention. 
Fig. 10 is a graph showing the result of X-ray diffraction measurement of Comparative Catalyst 4. 
Fig. 1 1 is a graph showing the result of X-ray diffraction measurement of Comparative Catalyst 5. 

5 DESCRIPTION OF THE MARKS 

[0095] 

1 — Reactor 
10 2, 3 — Material containers 

4-— Partial condenser (heat exchanger) 

5, 7. 8, 9, T1, 13, 14, 15 — Pipes 

6 — Separating tank 

10 — Distillation column 
IS 12 -» Condenser 

[0096] The following Examples are given to further illustrate the present invention. However, it should be under- 
go stood that the present invention is not limited by these examples. 

Catalygt Rreparatipn 

[0097] First, the catalysts for f luorination (catalysts 1 -8) based on the present Example and the catalysts for f luori- 
25 nation (comparative catalysts 1-3) for comparison were prepared. 

Catalvsts 1-6 (Exarrple) 

[0098] Catalysts 1-6 were prepared according to the flowchart shown in Fig. 1. 
. 30 [0099] First, 1.14 kg of 10% ammonium hydroxide was dropped into 7.65 kg of 5.7% aqueous chromium nitrate 
solution while stirring, and the resulting precipitate of chromium hydroxide was obtained. Next, after filtrating this fol- 
lowed by washing with pure water, the solid chromium hydroxide obtained by drying a part of the filtrate in air at 1 20**C 
for 1 2 hr was ground up to not more than 0.2 mm in particle size, thus obtaining powdered chromium hydroxide. 
[01 OO] Next. 50 g of powdered chromium hydroxide obtained was immersed in an iaqueous solution of dissolving 
35 reagents shown in the following Table 1 in 30 mL water, then allowed to stand for 12 hr, and dried to remove the water 
again. 

[0101 ] Subsequently, after grinding this again, a mixed powder with 2 wt% graphite added was molded under com- 
pression into a cylindrical shape 3 mm in diameter and 3 mm in height using a commercially-available tableting 
machine. These were charged into a reaction tube made of Hastelloy C with an inside diameter of 20 mm and then cal- 
40 cinated by heating at 400°C for 2 hr in a nitrogen gas flow. The following catalysts were obtained by fluorinating further 
In contact with a mixed gas of hydrogen fluoride and nitrogen at 200**C to 360°C for 2 hr: 

Catalyst 1 ; f luorochromium oxide containing indium. 
Catalyst 2; fluorochromium oxide containing gallium, 
45 Catalyst 3; fluorochromium oxide containing cobalt, 

. Catalyst 4; fluorochromium oxide containing nickel, 
Catalyst 5; fluorochromium oxide containing zinc, and 
Catalyst 6; fluorochromium oxide containing aluminum. 

so 

Table 1 



Catalyst 


Reagent 


Used Amount 


1 


•n(N03)3 / 3H2O 


5.16g 


2 


Ga(N03)3 • 8H2O 


5.82g 


3 


Co(N03)2 • 6H2O 


4.25g 
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Table 1 (continued) 



Catalyst 


Reagent 


Used Amount 


4 


Ni(N03)2 * ^^20 


4.23g 


5 


Zn(N03)2 • 6H2O 


4.34g 


6 


AI(N03)3 • 9H2O 


5.48g 



[0102] In catalysts 1 to 6 of the present Example obtained in the above examples 0I catalyst preparation, the fol- 
70 lowing Table 2 shows the results in terms of the composition analysis before fluorination and the valence number of the 
Cr calculated by that; the number valence of the Cr specified by determining the magnetic susceptibility; an X-ray dif- 
fraction measurement (XRD); and a specific surface area measurement (SSA). 

[0103] Herein, the average valence number specified by the composition analysis was measured as follows. 
[0104] First, the chromium was oxidized up to a valence of 6 using an alkali fusion method, and the catalyst was 

15 dissolved in an aqueous solution. Next, the chromium was quantitated by a permanganate method, which is part of an 
oxidation reduction titration. Determination of the hydrogen was conducted using a CHN analytical instrument (determi- 
nation by thoroughly oxidizing hydrogen to H2O). From the results of the quantities of chromium and hydrogen obtained, 
the amount of oxygen in the remaining element was calculated. Determination of H2O adsorbed in the catalyst as well 
as the above elemental analysis is also conducted using a differential thermal balance (the weight reduction accompa- 

20 nylng the endothermic near 1 0O^^C is defined as the adsorbed water amount). From the results of the elemental analysis 
and measurement of the differential thermal balance, the composition of the catalyst is spontaneously specified as the 
form of CrOx • (OH)y • 2H2O. 

[0105] Next, since the valence of oxygen (O). the hydroxyl group (OH) and water (HgO) are-2, -1 and 0, respec- 
. tively. the valence of the remaining Cr was derived by the following equation using the results of the conrposition anal- 
25 yses: 

Cr valence = - (-2 x x-1 x y) - n x m 

(wherein n is the valence of an added metal element such as In as described above, and m is the ratio of the number 
30 of atom of the metal element added to the Cr). 

[01 06] The average valence number specified by measurement of the magnetic susceptibility was measured as fol- 
lows. 

[0107] It is generally known that the valence of a magnetic ion of a paramagnetic substance can be theoretically 
specified by determining the magnetic susceptibility curve (change in the magnetic susceptibility brought about by 

35 change in the temperature). Namely, the valence of Cr is specified by comparing tiie effective Bohr magneton number 
inherent to the chromium ion of each valence calculated theoretically from a number of unpaired electrons in the 3d 
orbital, with the effective Bohr magneton number obtained from the result of the magnetic susceptibility measurement. 
[0108] First, the change in the magnetic susceptibility of the catalyst brought about by a change in the temperature 
was measured by using a magnetic balance. The Curie constant represented by the following equation was calculated 

40 from the result: 

X = C/T (K: magnetic susceptibility, C: Curie constant, T: temperature [K]) 

[0109] Next, the effective Bohr magneton number was calculated by substituting the obtained value of C in the fbl- 
45 lowing relative Equation (A). 

Effective Bohr magneton number \i = V(C/D.125 (A) 

[0110] On the otiier hand, it is known that t .e effective Bohr magneton number of tiie chromium ion can be theo- 
50 retically obtained from the overall spin angular momentum determined by the number of electrons in the 3d orbital of 
the ion. The values are shown in the following Table a. 



Table a 



Chromium Valence 


+6 


+5 


+4 


+3 


+2 




0.00 


1.73 


2.83 


3.87 


4.90 
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[01 11] And based on the correlation of \x in Table a with the chromium valence, the average valence number of the 
chromium In the catalyst was specified from the values obtained from said Equation (A). For example, if is 2.72, chro- 
mium valence = +4.1 is calculated by solving the following Equations 1 and 2 : . 

5 ' 2.72 = 1.73X + 2.83 (1-x) Equation 1 and 

chromium valence = +5x + 4(1 -x) Equation 2. 



10 



15 



20 



25 



30 



35 



40 



45 



SO 
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Table 2 



5 




Catalyst^ 


Catalyst 2 \ 


Catalyst 3 


Catalyst4 < 


Catalyst S i 


Catalyst 6 


10 


Added Metal K 


I n 


Ga 


Co 


N i 


Zn 


A 1 


15 




Hetai (nO 


0 03 


0. 03 


0. 03 


0. 03 


0. 03 


0. 03 


20 


r Ratio) 


Chrofnlum 


1 


1 


1 


1 


1 


1 






Oxygen Cx) 


2.15 


2.15 


2.13 


2.13 


2.16 


2.14 


25 


o 


















iposit 


OH (y) 


0.05 


0. 03 


0.01 


0. 02 


0. 01 


0. 04 


30 


O 

u 


Hs 0 (z) 


0.22 


0.21 


0. 25 


0.22 


0. 23 


0.26 


35 


o 


Composition 
Analysis 


+4.26 


+4.24 


+4.21 


+4.22 


+4.27 


+4.23 




c 

«) 

rH 


Measurement of 
















> 


Magnetic 


+4.3 


+4.2 


+4.1 


+4. 1 


+4.3 


+4.2 


40 




Susceptibility 














45 


Result of X-ra^ 
Diffraction 


AiDoxphoos 


Amerpnous 


JUnocphous 


Amorphous 


Maerphous 


^Unorphous 


Specific Surfa- 
ce Area (m^/g)' 


88.0 


92.5 


90.0 


93.1 


91.8 


89.4 



SO 



[01 1 2] Where "vaience" is the average valence of the chromium in each catalyst before f luorination v^ich is derived 
55 from the catalyst composition MmCrOx(OH)y • 2H2O. Here, the specific surface area is the value after f luorination. 
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Catalyst 7 f Example^ 

[0113] Catalyst 7 was prepared according to the flowchart shown in Fig. 2. 

[0114] First, a mixed solution of 7.65 kg of 5.7% aqueous chromium hydroxide solution with 330 g of 10.0% aque- 
5 ous indium nitrate solution was prepared. Into this mixed solution was dropped 1.21 kg of 10% ammonium hydroxide 
while stirring, and the resulting precipitate of chromium hydroxide with added indium was obtained. 
[Oil 5] Next, after filtrating this followed by washing with pure water, the solid chromium hydroxide obtained by dry- 
ing a part of the filtrate in air at 120**C for 12 hr was ground up to not more than 0.2 mm in particle size, thus obtaining 
powdered chromium hydroxide containing indium. 
10 [01 1 6] Subsequently, a mixed powder with 2 wt% graphite added was molded under compression into a cylindrical 
shape 3 mm in diameter and 3 mm in height using a commercially-available tableting machine. These were charged 
into a reaction tube made of Hastelloy C with an inside diameter of 20 mm and then calcinated by heating at 400*'C for 

2 hr in a nitrogen gas flow. Further, f luorochromium oxide containing indium as catalyst 7 was obtained by f luorination 
in contact with a mixed gas of hydrogen fluoride and nitrogen at 200°C to 360'*C for 2 hr. 

75 [0117] As for the valence number of the Cr in the catalyst obtained, the value by conpositlon analysis was +4.27 
and the value determined from the magnetic susceptibility was +4.3. In addition, this catalyst was confined to be amor- 
phous from the XRD measurement. The SSA of this catalyst 7 was 1 05.2 m^/g. 

Catalyst 8 (Example) 

20 

[0118] Catalyst 8 was obtained according to the flowchart shown in Fig. 2. 

[0119] Except for using 200 g of 10.0% aqueous nickel nitrate solution instead of 330 g of 10,0% aqueous indium 
nitrate solution, f luorochromium oxide containing nickel was obtained as catalyst 8 by a preparation similar to the cata- 
lyst preparation of Example 7. 

25 [0120] As for the valence number of the Cr in the catalyst obtained, the value by composition analysis was +4.23 
and the value determined from the magnetic susceptibility was +4.2. In addition, this catalyst was confirmed to be amor- 
phous from the XRD measurement. The SSA of this catalyst 8 was 1 08. 1 m^/g. 

Comparative catalyst 1 

30 

[01 21] Comparative catalyst 1 was obtained according to the flowchart shown in Fig. 3. 

[0122] First, 1 .14 kg of 10% ammonium hydroxide was dropped into 7.65 kg of 5.7% aqueous chromium nitrate 
solution while stirring, and the resulting precipitate of chromium hydroxide was obtained. Next, after filtrating this fol- 
lowed by washing with pure water, the solid chromium hydroxide obtained by drying a part of the filtrate in air at 120*'C 
35 for 1 2 hr was ground up to not more than 0.2 mm in particle size, thus obtaining powdered chromium hydroxide. 

[01 23] Subsequently, a mixed powder with 2 wt% graphite added was molded under compression into a cylindrical 
shape 3 mm in diameter and 3 mm in height using a commercially-available tableting machine. These were charged 
into a reaction tube made from Hastelloy C with an inside diameter of 20 mm and then calcinated by heating at 400**C 
for 2 hr in a nitrogen gas flow. Further, comparative catalyst 1 comprising f luorochromium oxide was prepared by fluor- 
ic ination in contact with a mixed gas of hydrogen fluoride and nitrogen at 200''C to 360°C for 2 hr. 

[0124] As for the valence number of the Cr in the catalyst obtained, the value by composition analysis was +4,18 
and the value determined from the magnetic susceptibility was +4.2. In addition, this catalyst was confirmed to be amor- 
phous from the XRD measurement. The SSA of this comparative catalyst was 111.3 m^/g, 

45 Comoarative Catalyst 2 

[0125] Comparative catalyst 2 was obtained according to the flowchart shown in Fig. 3. . 
[0126] First, 1.14 kg of 10% ammonium hydroxide was dropped into 7.65 kg of 5.7% aqueous chromium nitrate 
solution v;hile stirring, and the resulting precipitate of chromium hydroxide was obtained. Next, after filtrating this fol- 
so lowed by washing with pure water, the solid chromium hydroxide obtained by drying a part of the filtrate in air at 120**C 
for 12 hr was ground up to not more than 0.2 mm in particle size, thus obtaining powdered chromium hydroxide. 
[0127] This was charged into a reaction tube made from Hastelloy C with an inside diameter of 20 mm, and the first 
calcination was conducted by raising the temperature from room temperature up to 550**C and by maintaining the tem- 
perature not below 550**C for 2 hr in a nitrogen gas flow. 
- 55 [0128] Thereafter, the green-colored CrgOs powder was obtained on lowering the temperature. Subsequently, a 
mixed powder with 2 wt% graphite added was molded under compression into a cylindrical shape 3 mm in diameter and 

3 mm in height using a commercially-available tableting machine. These were charged into a reaction tube made from 
Hastelloy C, 20 mm in inside diameter, then the second calcination was conducted by heating at 400''C.for 2 hr in a. 
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nitrogen gas flow. Further, the comparative catalyst 2 comprising f luorochromium oxide was prepared by f luorination in 
contact with a mixed gas ot hydrogen fluoride and nitrogen at 200**C to 360**C for 2 hr. 

[0129] As for the valence number of the Cr in the catalyst obtained, the value by composition analysis was +2.95 
and the value determined from the magnetic susceptibility was +3.02. In addition, this catalyst was confirmed to show 
5 crystallinity from the result that all diffraction peaks obtained by the XRD measurement are assigned on the basis of the 
crystal structure of Cr203. The SSA of this comparative catalyst 2 was 10.4 m^/g. 

nnm paratix/e Catalvst 3 

10 [01 30] Comparative catalyst 3 was obtained according to the flowchart shown in Fig. 3. 

[0131] First, 1.14 kg of 10% ammonium hydroxide was dropped into 7.65 kg of 5.7% aqueous chromium nitrate 
solution while stining. and the resulting precipitate of chromium hydroxide was obtained. Next, after filtrating this fol- 
lowed by washing with pure water, the solid chromium hydroxide obtained by drying a part of the filtrate in air at 120**C 
for 1 2 hr was ground up to not more than 0.2 mm in particle size, thus obtaining powdered chromium hydroxide. 

75 [01 32] This was charged into a reaction tube made from Hastelloy C with an inside diameter of 20 mm, and the first 
calcination was conducted by raising the temperature from room temperature up to 550**C and by maintaining the tem- 
perature at not less than 550°C for 2 hr in a nitrogen gas flow. Thereafter, the green-colored CrgOa powder was 
obtained on lowering the temperature. 

[0133] Next. 45.2 g of this powder was immersed in a 30 mL aqueous solution of 5.1 6g of ln(N03)3 • 8H2O, then 
20 allowed to stand for 12 hr. and dried to remove the water again. 

[01 34] Subsequently, after grinding this again, a mixed powder with 2 wt% graphite added was molded under com- 
pression into a cylindrical shape 3 mm in diameter and 3 mm in height using a commercially-available tableting 
machine. These were charged into a reaction tube made from Hastelloy C, 20 mm in inside diameter, and the second 
calcination was conducted by heating at 400*»C for 2 hr in a nitrogen gas flow. Further, comparative catalyst 3 compris- 
es ing chromium hydroxide containing indium was prepared by f luorination in contact with a mixed gas of hydrogen fluoride 
and nitrogen at 200°C to 360**C fo" 2 hr: 

[0135] As for the valence number of Cr in the catalyst obtained, the value by composition analysis was +2.97 and 
the value determined from the magnetic susceptibility was +3.04. In addition, this catalyst was confirmed to show crys- 
tallinity from the result that all diffraction peaks obtained by the XRD measurement are assigned on the basis of the 
30 crystal structure of CraOa. The SSA of this comparative catalyst 3 was 9.5 m^/g. 

[01 36] Next, catalysts 1 to 8 and comparative catalysts 1 to 3 obtained by the above methods were powvdered by 
grinding in an agate mortar, then the crystallinity and crystalline structure of each catalyst were investigated by the X- 
ray diffraction method under the following measurement conditions, and the measurement results are shown in the fol- 
lowing Table A: 

35 

Diffractometer: Rigaku Denki Co., Ltd.. RAD-RA type d'rffraclometer (XRD), 

X-ray: CuKa -ray, and 

Output power: 40 kV x 100 mA. 



Table A 



Catalyst 


Result of XRD 


Crystallinity and Crystal Structure 


Catalyst 1 


Fig.4 


Amorphous [two diffraction peaks are observed, but assigned to car- 
bon (graphite)] 


Catalyst 2 


Fig. 5 


Amorphous [two diffraction peaks are observed, but assigned to car- 
bon (graphite)] 


Catalyst 3 




Amorphous [no illustration: two diffraction peaks are observed, but 
assigned to carbon (graphite)] 


Catalyst 4 




Amorphous [no illustration: two diffraction peaks are observed, but 
assigned to carbon (graphite)] 


Catalyst 5 




Amorphous [no illustration: two diffraction peaks are observed, but 
assigned to carbon (graphite)] 


Catalyst 6 




Amorphous [no illustration: two diffraction peaks are observed, but 
assigned to carbon (graphite)] 
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Table A (continued) 





Catalyst 


Result of XRD 


Crystal linity and Crystal Structure 


5 


Catalyst 7 
Catalysts 




Amorphous [no illustration: two diffraction peaks are observed, but 
assigned to carbon (graphite)] 

Amorphous [no illustration: two diffraction peaks are observed, but 
assigned to carbon (graphite)] 




Comparative Catalyst 1 


Fig 6 


Arnorphous [two diffraction peaks are assigned to carbon (graphite)] 


10 


Comparative Catalyst 2 


Fig 7 


Cr203 (all peaks are assigned to Cr203 except diffraction peaks of car- 
bon) 




Comparative Catalyst 3 


Fig 8 


Cr203 (all peaks are assigned to Cr203 except diffraction peaks of car- 
bon) 



IS ... 

. [0137] The abscissas of Fig. 4 to Fig. 8 show the incident angle 20 of the X-rays and the vertical axes show the 
count rate (cps: counts per second). The diffraction peaks which the incident angle 20 of the X-rays was revealed both 
at 26* to 27" and similarly at 55** to 56** are assigned to carbon (graphite) used for molding * 



20 Preparation of Pentaf luoroethane 

[01 38] Pentaf luoroethane was prepared using catalysts 1 to 8 and comparative catalysts 1 to 3 obtaineid. 

( Examples 1 to 8) . 
25 ■ , 

[0139] Using catalysts 1 to 8 obtained In said catalyst preparation, the gas phase ftuorination of 1 » 1-diGhloro-2, 2, 
2-trif luoroethane (HCFC-123) by HP was conducted under the following reaction conditions, 

Reaction conditions: 

30 

[0140] 

Catalyst: catalysts 1 to 8. 

Catalyst amount: 9.2 g (uniform particle size between 300 and 1000 jxm by grinding each pellet catalyst). 
35 Reaction tube: Hastelloy C. 15 mm inside diameter. 

Reaction gas (flow amount): HCFC-123 (48 NmL/min), HF (192 Nmiymin), 
Reaction temperature: given in Table 3, and 
Reaction pressure: atmospheric. 

40 [0141 ] After performing f luorination of HCFC-1 23 under the above reaction conditions, the gas obtained in the reac- 
tor outlet was washed, dried, and thereafter the composition of the organic substances was determined by gas chro- 
matography analysis. 

[0142] The results obtained are shown in the following Table 3. Here, "1 1 X" in the Table illustrates the total concen- 
tration of CFC-112. CFC-112a, GFC-113, CFC-113a, CFC-114. CFC-114a and CFC-115 (hereinafter referred to as, 
45 chlorofluoroethanes). 

[0143] Further, the ratio of the pentaf luorochloroethane (CFC-1 1 5) concentration to the pentaf luoroethane (HFC- 
125) concentration and the ratio of the chlorof luoroethane (1 IX) concentration to the pentafluoroethane concentration 
as shown in Table shall be hereinafter refen-ed to as [1 1 5/1 25] and [1 1 X/1 25], respectively. 

so . . ■ 
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Table 3A 



D 






















Example 




10 






1 


2 


3 


4 




Catalyst ' 






Catalyst 3 * 


LrACaXyvC «l 


15 

















Reaction 










20 


Temperature ) 


302 


305 


302 


oUD 1 




u 


HFC- 125 


11- 1 


11.9 


12.2 


1 1 o 1 

11. 8 


25 


Id 

1^ 
o 
















HCFC-124 


4/. U 


46.6 


46.7 


/IR A 1 




c 
o 















-H 
4^ 












30 


«H 
CO 
O 

i- 


HCFC-123 


41.8 


41.4 


40.9 


41.3 




o 
u 












35 


tance 


CFC-115 


0.002 


0.003 


0.006 


0. 002 




to 
















IIX 


0.02 


0.03 


0.05 


0.04 


40 


O 














c 
















Others 


0.07 


0.11 


0.18 


0.09 


45 
















[115/125] a) 


0.018 


0.025 


0. 049 


0.017 


SO 


[11V125]C%) 


0.18 


0.25 


0.41 


0.34 
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Table 3B 



5 






Example 


10 






5 


6 


7 


8 


15 


Catalyst 


Catalyst S 




Cataiyst7 


CAtalyBC& 


20 


Roaction 
Temperature ) 


301 


303 


300 


302 


U 


HFC-125 


12.4 


12,4 


11.9 


12.0 


25 


m 

rH 

' e 
o 


HCFC-124 


46.7 


46.5 


46.8 


46. 7 


30 . 


Mnposltii 


HCFC-123 


40.8 


40.9 


41.2 


41.2 


35 


tance Cc 


CFC-115 


0. 004 


0. 004 


0. 002 


0. 002 


40 


lie Subs 


IIX 


6.03 


0.06 


0. 015 


0. 03 




Orgai 


Others 


0.09 


0.12 


0. 06 


0. 08 


45 


[115/125] OO 


0. 032 


0. 032 


0.017 


0.017 


SO 


lnX/l25](%) 


0. 24 


0.48 


0.13 


0.25 



55. 
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< Comparative Examples 1 to 3 ) 

[0144] Using the catalysts of said comparative catalysts 1 to 3. the fluorlnation reaction of HCFC-123 was con- 
ducted In reaction conditions similar to Examples 1 to 8. The results are shown in the following Table 4. 

Table 4- 



( 


Comparative 
Example 1 


Comparative 
Example 2 


Comparative 
Example 3 


c 

Catalyst 


Comparative 
Catalyst 1 


Comparative 
Catalyst 2 


Comparative 
Catalyst 3 


Reaction 
Temperature ) 


300 


334 


340 


u 


HFC-125 


12. 1 


12.0 


11.9 


organic Substance Composition { Mole 


nCFC-124 


4G.4 


4G.6 


40. 4 


HCFC-123 


41.0 


40.6 


41.0 


CFC-115 


0. 031 


0. 055 


0. 043 


IIX 


0.21 


0. 34 


0. 29 


others 


0. 34 


0. 49 


0.41 


lll5/125]a) 


0. 26 


0. 46 


0. 36 


[11X/125]0ID 


1.74 


2. 83 


2. 44 
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(Examples 9 to 11) 

[0145] Using catalysts 1 , 4 and 5. the gas phase f luorination reaction of 2-chlpro-1 ,1 .1 ,2-tetrafluoroethane (HCFC- 
1 24) by HF was conducted in the following conditions. 

5 

Reaction conditions: 
[0146] 

TO Catalyst: catalysts 1, 4 and 5, 

Catalyst amount: 18.5 g (uniform particle size between 300 and 1000 ^im by grinding each pellet catalyst), 

Reaction tube: Hastelloy C, 15 mm inside diameter. 

Reaction gas (flow amount): HCFC-124 (55 NmL/min). HF (1 10 NmUmin). 

Reaction tenperature: described In Table 5, and 
15 Reaction pressure: atmospheric. 

[0147] After performing f luorination of HCFC-1 24 under the above reaction conditions, the gas obtained In the reac 
tor outlet was washed, dried; thereafter, the composition of the organic substances was determined by gas chromatog 
raphy analysis. The measurement results are shown in the following Table 5. 



25 



35 



40 



. 45 
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Table 5 



5 




Example 9 


Sxample 10 


Example 11 


10 


Catalyst 


Catalystl 


Catalyst 4 


Catalyst 5 


15 


Reaction 
Temperature ) 


318 


319 


316 


20 


M 


HFC-125 


66.4 


65.2 


66.8 


<0 
f-4 
O 

z 

c 
o 


HCFC-124 


21.2 


23.9 


20.8 


25 


impositii 


HCPC-123 


li..2 


10.7 


12.2 


30 


tance C< 


CFC-115 


0.022 


0. 015 


0. 033 


35 


tic Subs 


UX 


0. 052 


0. 081 


0. 071 


40 


Orgai 


others 


0.13 


0.14 


0.11 




[115/125] CO 


0. 03 


0.02 


0.05 


45 


[ilX/125]CX) 


0.08 


0. 12 


0.11 



SO 



< Comparative Examples 4 to 6) 

55 

[0148] Using comparative catalysts 1 to 3, the fluorination reaction of HCFC-124 was conducted in reaction condi- 
tions similar to Examples 9, 10 and 1 1 . The results are shown in the following Table 6. 
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Table 6 





C 


Comparative < 
Example 4- 


:;omparativeC 
Example S 


_. , . 
lomparative 
Example 6 


10 


c 

Catalyst 


:omparatlve < 
Catalyst t 


Comparative < 
Catalyst 2 


Comparative 
Catalyst 3 


15 


Reaction ' 
Temperature ) 


315 


355 


359 


20 


dp 
M 


HFC-125 


66.7 


67.3 


67.0 


25 _ 


(d 
*H 
O 

c 


HCPC-124 


19.8 


21.2 


22.3 




mposltl( 


HCFC-123 


12-8 


9. 5 


8.9 


30 


kance Co 


CFC-115 


O.UO 


0.210 


0. 220 


35 . 


kic Subs 


ux 


0.25 


0.72 


0. 68 


40 


orgar 


others 


0. 39 


1.28 


1.12 


45 


[115/1253 00 


0. 16 


0.31 


0.33 


SO 


[llVl25)a) 


0.37 


1.07 


1.01 



[0149] In the cases of Examples 1 to 8 using catalysts 1 to 8 in tables 3 and 4 and using HCFC-123 as a starting 
55 gas. the amount of HCFC-124 produced which can be recycled is rich. On the contrary, both the amount of CFC-1 15 
produced which is difficult to separate from the objective pentafluoroethane. and the amount of 1 1X produced which 
cannot be recycled and is highly loading on the environment are less than Comparative Examples 1 to 3. In addition, 
these Examples have no significant difference between the amounts of the objective produced and are extremely useful 
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methods of preparing pentaf luoroethane in the industry. 

[0150] Also Examples 9. 10 and 11 using HCFC-124 as the starting gas in Tables 5 and 6 are extremely useful 
methods of preparing pentaf luoroethane In the industry, similar to the cases described above. 

5 ( Comparative Examples 7 and 8 > 

[0151] Herein, in the same reaction conditions (300**C) as Comparative Example 1 . the results [low major reactivity 
by the catalysts which have crystalline properties and the valence of the chromium is +3 (poor amounts of HCFC-124 
and HFC-125 produced)] are shown when using comparative catalyst 2 [CrgOs (crystalline)], and when using compar- 
10 ative catalyst 3 [Cr203 (crystalline) with an added metal element (In)]. 

[0152] Namely, except for the 300**C for the reaction temperature, the fluorination reaction of HCFC-123 was car- 
ried out under the same conditions as Comparative Examples 2 and 3. The results are shown in the following Table 7. 
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Table "7 



r 


■ 


Comparative < 
Example •? 


Comparative 
Example 6 


10 


Catalyst 


comparative 
Catalyst "2 


Comparative 
Catalyst 3 


15 


Reaction ' 
Temperature ) 


300 


300 


20 


U 


HPC-125 


0. 30 


0.16 


25 


(0 
#H 

o 


IICPC-124 


14.5 


10.8 




»mposltl< 


HCFC-123 


85. 1 


88.7 


30 


tance Cc 


CFC-115 


0:002 


0.001 


35 


)lc Subs 


iix 


0.069 


0.041 


40 


Orgai 


Others 


0.03 


0.03 


45 . 


[115/125] 00 


0.67 


0. 63 


SO 


[llX/125]a) 


23.0 


25.6 



10153] Namely, it is understood that, from the above results under the same conditions of uniform temperature, by 
55 using catalysts (crystalline property) having a chromium valence of +3, with or without added metals, the generation 
activity of the objective HFC- 125 seriously deteriorates, compared with Comparative Example 1, and in addition the 
concentration of chlorof luoroethanes to HFC-1 25 rises. This demonstrates the superiority. of amorphous chromium cat- 
alysts with high valences. 
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(Examples 12-14) 

[01 54] The Examples show results under conditions of higher temperature [the advantage (decrease of concentra- 
tion of impurities in HFC-125) being that it is possible to lower the temperature owing to the high activation ( the cata- 
5 lysts of the present application)]. ^ 
[01551 Except for the SSC^C for the reaction temperature, the fluorination reaction of HCFC-123 was carried out 
under the same conditions as Examples 1 , 2 and 7. The results are shown in the following Table 8. 



10 



15 



20 



25 



30 



35 



40 



45 



SO 
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Table 8 



5 . 






Exampleil 


Example 1^ 


Example 14- 


TO 


Catalyst 


Catalystl 


Catalyst2 


Catalystl 




Reaction 








15 


Temperature ) 
l-C) 












HFC-125 


67 1 


66 9 


67 1 


20 


U 
fd 












iH 

O 












£ 


HCFC-124 


Id R 

1 H« O 


14 9 


14 8 


25 


' e 
o 










■H 
U 












-H 
CO 

o 


llCFC-123 


17 0 


16.9 


17.0 




■ E 










30 


O 

u 












«> 
u 

C ' 

m 


CFC-115 


0.11 


0.17 


0. 12 




•M 












tn 










35 


u 
c 


UX 


0.28 


0.33 


0.26 




CO 










40 


Vl 

o 


Others 


0.81 


0,98 


0.86 




1115/12510) 


0.16 


0.25 


0. 18 


45 














iiivi25]a) 


0. 42 


0.49 


0.39 



SO 



[01 56] From the above results, it is understood that the amount of l-IFC-125 produced increases by setting a higher 
55 temperature, and in addition the concentration of chlorof luoroethanes to HFC-1 25 rises, compared with examples using 
a lower ternperature. 
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10 



15 



20 



25 



(Example 15) 

[0157] Herein, the Example shows the case in which the organic substances obtained from a reactor are recycled 
(the preparation process of HFC-125 using the present inventive catalysts). 

[01 58] The present Example is illustrated based on the process flowchart illustrated in Fig. 9 as follows. First, 45 kg 
of fluorination catalyst 1 was charged into reactor 1 for gas phase fluorination, then HCFC-123 was supplied to this 
reactor 1 from material container 2 at a flow amount of 49 mol/hr followed by supplying anhydrous HF from material con- 
tainer 3 at a flow amount of 102 mol/hr. Further, the fluorination reaction in reactor 1 was set at a temperature of 324**C 
at a pressure of 3.2 kg/cm^. 

[0159] Next, the reaction mixture which comes out of reactor 1 was introduced into partal condenser (heat 
exchanger) 4. then partially condensed into a non-condensate and a condensate at a temperature of -20*C under a 
pressure of 3.1 kg/cm^. The non-condensate mainly containing HFC-125 was recovered as the objective HFC-125 after 
being purified in a purification process through pipe 5. The condensate is sent into separating tank 6 and separated into 
a liquid containing mainly HF and a liquid containing mainly HGFC-123 and HGFG-124. The liquid containing mainly HF 
was again supplied to reactor 1 as the starting material through pipes 7 and 8. The liquid containing mainly HGFC-123 
and HCFG-124 was introduced into distillation column 10 through pipe 9 followed by being distilled at a pressure of 7.2 

kg/cm^. ^ . . , 

[0160] The non-condensate In distillation column 1 0 and in condenser 1 2 located at the top portion contains mainly 
HFC-125. For the purification process, the non-condensate was sent through pipe 13 with the non-condensate from the 
partial condenser 4 described above and purified to give the objective HFC-125: The HGFG-124 accompanying the 
HFC-125 was returned again into distillation column 10. 

[0161] The circulation substances in distillation column 10 through pipe 14 and the bottom components through 
pipe 15 as well as the liquid containing mainly HF. which was separated in separating tank 6. were supplied to reactor 
1 through pipe 8, and were again used as the starting materials for the fluorination reaction together with newly added 
HCFC-123 and HF 

[0162] By continuing the above operation for 60 hr. the compositio'i of each component became almost constant. 
The composition (flow amount: mol/hr) of each of the recovery substances (components from pipes 5 and 13) and of 
the recycling components (components from pipes 7. 14 and 15) in this step are shown in the following Table 9. 



30 



35 



Table 9 





HFC-125 


HCFC-124 


CFC-114a 


HCFC-123 


CFC-115 


HF 


HCI 


Recovery Siibstance 


49 


20 






0.11 


4 


98 


Recycling Component 


6 


134 


0.35 


88 




671 





40 



[0163] As is clear from the above results, the ratio of CFC-1 15 in HFC-125 in the recovery substances drawn from 
pipes 5 and 1 3 was about 0.22% and was quite small without the side cut (refer to Comparative Example 1 0 descnbed 
later). 



45 



SO 



( Conparative Example 9 > 

[0164] Herein, the Comparative Example is Illustrated using a chromium oxide catalyst (amorphous) without the 
addition of metals when recycling the organic substances obtained from the reactor. 

[0165] Using comparative catalyst 1 charged into reactor 1 . HFC-125 was prepared similarly according to Example 
1 5 except that the reaction temperature was 320^C. Similarly according to Example 1 5. the composition (flow amount: 
mnlThr) of each of the recovery substances (components from pipes 5 and 13) and of the recycling components (com- 
. .onents from pipes 7. 14 and 15) after 60 hr from the start of the reaction are shown in the following Table 10. 



Table 10 





HFC-125 


HCFC-124 


CFC-1 14a 


HCFC-123 


CFC-115 


HF 


HCI 


Recovery Substance 


49 


20 






0.6 


4 


98 


Recycling Component 


6 


130 


1.8 


88 




671 





55 
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[01 66] From the above results, the ratio of CFC-1 1 5 in HFC-1 25 in the recovery substances drawn from pipes 5 and 
13 was about 1 .22% and increased markedly, compared with that of Example 15. 

< Comparative Example 10) 

5 . ■ • 

[01 67] Herein, the preparation process of HFC-1 25 is illustrated when using the side cut in recycling. . 
101 68] HFC-1 25 was similarly prepared according to Comparative Example 9 except for the side cut of the cornpo- 
nent of the high concentration, of CFC-114a in the middle of distillation column 10 out of the system through pipe 11. 
Similarly according to Example 15, the composition (flow amount: mol/hr) of each of the recovery substances (compo- 
w nents from pipes 5 and 13). the recycling components (components from pipes 7, 14 and 15) and the side cut compo- 
nent (components from pipe 11) from the distillation column after 60 hr from the start of the reaction are shown in the 
. following Table 11. 



Table 1 1 





HFG-125 


HCFC-124 


CFC-114a 


HCFG-123 


CFG-115 


HF 


HCI 


Recovery Substance 


40 


20 






0.1 


4 


98 


Recycling Component 


6 


129 


. 0.3 


90 




671 




Removal Component 




0.5 


0.5 


1.5 









[01 69] From the above results; the ratio of CFG-1 1 5 in HFG-1 25 in the recovery substances drawn from pipes 5 and 
13 was about 0.2%. Accordingly, a similar effect as in Example 15 was obtained for the purity of the product (HFC- 125). 
' 25 . However, the loss amount including CFC-1 15 was 2.6 mol/hr. an amount about 24 times that in Example 15 (0.1 
mol/hr). 

( Comparative Examples 11 and 12) 

30 [0170] Herein, it is shown that the effect of decreasing the impure substances by adding metal elements to Cr203 . 
(chromium valence: +3) is low. compared with the case of adding metals to the high valence chromium oxide in which. - 
the chromium is amorphous. 

. Comparative Catalyst 4 

35 

[0171 ] Comparative catalyst 4 was prepared according to the same preparation method as for comparative catalyst 
3 except for using 5.82 g of (3a(N03)3 • 8H2O instead of 5.16g of ln(N 03)3 • SHgO. As for the valence of the catalyst 
obtained, the value from the composition analysis is +3.00 and the value determined from the magnetic susceptibility 
is +3.05. All the XRD diffraction peaks, shown in Fig. 10, were assigned to the crystal structure of Crg O3. ; 

40 

Comparative Catalyst 5 

[0172] Comparative catalyst 5 was prepared according to the same preparation method as for comparative catalyst 
3 except for using 4.23 g of Ni(N03)2 • 6H2O instead of 5.16 g of In (N 03)3 • 3H2O. As for the valence of the catalyst 
45 obtained, the value from the composition analysis is +2.98 and the value determined from the magnetic susceptibility 
is +3.03. All the XRD diffraction peaks as, shown in Fig. 1 1 , were assigned to the crystal structure of Cr2 O3. 
[0173] Using comparative catalysts 4 and 5, the fluorination reaction of HCFC-123 was conducted with the same 
reaction conditions as in Examples 1 to 8 (except for the reaction temperature). The results are shown in the following 
Table 12. . . 
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Table 12 



5 


Ic 


lomparatlve C 
Example ] 1 


lomparatlve 
Exomplo 12 


10 


Catalyst { 


lomparatlve C 
:atalyst 4 


lomparatlve 
Catalyst S 


IS 


Reaction* 1 
Temperatura ) 1 


343 


344 


20 


M 


HFC-125 


11.7 


11.8 


25 


m 

o 
s: 

d 


HCPC-124 


46.5 


46.3 


imposltl( 


HCFC-123 


41.1 


41.1 


30 


tance Cc 


CFC-115 


0. 050 


0.057 


3S 


organic Subs' 


IIX 


0.33 


0.37 


40 


others 


0.37 


0. 43 


45 


[115/1251(30 


0.43 


0. 48 


cn 


[liX/125)a) 


2.82 


3.14 



[0174] From each of the results of Cortparative Exannples 2 and 3. Comparative Examples 5 and 6. Comparative 
55 Examples 7 and 8. or Comparative Examples 1 1 and 12. it is understood that the effect of decreasing the CFCs is small 
in the case of adding metals to crystalline catalysts of chromium with a valence of +3. 

[0175] From the results of Example 1 to 11. it is also obvious that a marked decrease in CFCs concentration to 
HFC-125 is obtained by carrying metals on amorphous catalysts where the chromium valence is about +4. 
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[0176] Namely, as shown in the following Table 13, connparing the case of adding various metal elements to the 
chromium catalysts with a chromium valence of +3 with the case of not adding them, the decreased ratios of [CFC- 
115/HFC-125] and [11X/HFC-125] were 21% and 13%, respectively, at best, even if the metal elements were added. 
By adding metals, the ratios of [CFC-1 1 5/HFC-1 25] and [1 1 X/HFC-1 25] occasionally increased. 
[0177] On the other hand, when comparing the case of adding metal elements to the amorphous chromium cata- 
lysts with a chromium valence of +4 with the case of not adding them, the former case shows that the decreased ratios 
of [CFC-1 15/HFC-125] and [1 1X/HFC-1251 reached 93% (at least 90%) and 90% (at least 80%). respectively, at best; 



10 



Table 13 



IS 




Added 
ni6tal 


Corres- 
pondence 


ICFC-115/11FC-125] 


. [llX/HPC-125] 




4J . 

(0 

>t 




Comparative 
Examp Ic ^ 


0. A(396 


2.8396 


20, 


ae Catal 


I n 


Comparative 
EKampIe 3 


0.3(396 (-2196) 


2.4496 (-1396) 


25 


rystallii 


Ga 


Comparative 

bXamp IC f 1 


O.A396 (-6.5J6) 


2.8296 (-0.396) 




M 

u 


N i 


Comparative 
Example ]2 


0.AB96 (H.3?6) 


3. 1496 (+1196) 


35 






Comparatives 
Example 1 


. 0. 2696 


1. 7496 




Catalyst 


In 


Example I 


0. 02896 (-9396) 


0. 1896 (-9096) 


40 


orphous 


Ga 


Example 2 


0.02596 (-9096) 


0^2596 (-8696) 


45 


1 


N i 


Example 4 


0.01796 (-9396) 


0. 3496 (-8096) 



SO 



55 



* The values in parentheses show the decreased ratios of 
ICFC-115/HFC-125) and t llX/HFC-125 ] , compared with the 
cases of catalysts without added metals. 
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Claims 

5 1. A method of preparing pentafluoroethane wherein chlorine-containing carbon compounds are fluorinated in the 
presence of chromium catalysts that are in an amorphous state and wherein the main component is chromium 
compounds with the addition of at least one metal element selected from the group composed of indium, gallium, 
cobalt, nickel, zinc and aluminum and the average valence of the chromium in said chromium compounds is not 
less than +3.5 but not more than +5.0. 

10 

2. A method of preparing pentafluoroethane as claimed in claim 1 wherein at least one of the chlorine-containing car- 
bon compounds selected from the group composed of perchloroethylene, 1. 1-dichloro-2. 2. 2-trifluoroethane and 
1-chloro-1, 2, 2. 2-tetrafluoroethane Is fluorinated by hydrogen fluoride. 

A method of preparing pentafluoroethane as claimed in claim 2 wherein the ratio of the total yield of chlorofluor- 
oethane by-products to the yield of pentafluoroethane obtained is controlled to not more than 0.5% when fluorinat- 
Ing 1,1-clichloro-2,2.2-trifluoroethane as said chlorine-containing carbon compound in the presence of said 
chrornium catalyst, and the ratio of the total yield of chlorofluoroethane by-products to the yield of pentafluor- 
oethane obtained is controlled to not more than 0.3% when f luorinating 1 -chloro-1 .2,2.2-tetraf luoroethane as said 
chlorine-containing carbon compound in the presence of said chromium catalyst. 

A method of preparing pentafluoroethane as claimed in claim 1 wherein said chromium compounds are at least one 
species selected from the group composed of chromium oxide, chromium fluoride, f luorochromium oxide and chlo- 
rofluorochromium oxide. 

A method of preparing pentafluoroethane as claimed in claim 4 wherein said chromium catalysts are fluorinated 
before said chromium catalysts are submitted to the fluorination reaction of said chlorine-containing carbon com- 
pounds and the specific surface area after said fluorination is controlled within 25 m^/g to 130 m^/g. 

A method of preparing pentafluoroethane as claimed in claim 1 wherein said chromium catalysts in an amorphous 
state are formed by calcination of said chromium catalysts in an atmosphere of inert gas. 

A method of preparing pentafluoroethane as claimed in claim 6 wherein said calcination is conducted at 380"C to 
410*»Cfor 0.5 hrtoS.S hr. 

A method of preparing pentafluoroethane as claimed in claim 6 wherein said calcination is conducted after immers- 
ing chromium hydroxide in an aqueous solution of said metal elements followed by drying or said calcination is con- 
ducted after obtaining chromium hydroxide containing said metal elements by coprecipitation from an aqueous 
solution dissolving said metal elements and chromium followed by drying. 

40 

9. A method of preparing pentafluoroethane as claimed in claim 1 wherein at least one element selected from the 
group composed of cadmium, magnesium and titanium having an improving effect on reactivity or selectivity Is 
added to said chrornium catalysts. 

45 1 0. A method of preparing pentafluoroethane as claimed in claim 2 wherein a part or all of the generating products are 
returned to the reaction system or led to another reaction system in which fluorination is conducted by hydrogen 
fluoride using catalysts as claimed in claim 1 when fluorinating said chlorine-containing carbon compounds using 
hydrogen fluoride. 

so 11. A method of preparing pentafluoroethane as claimed in claim 10 wherein separating a mixture containing pen- 
tafluoroethane and hydrogen chloride from said products, the residual products are returned to said reaction sys- 
tem or are led to said another reaction system. 

12. Chromium catalysts for fluorination in an amorphous state wherein chromium compounds with at least one metal 
55 element added selected from the group composed of indium, gallium, cobalt nickel, zinc and aluminum are con- 
tained as the main component, and average valence of the chromium in said chromium conrpounds is not less than 
+3.5 but not moreihan +5.0. 
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13. A catalysts for f!uorination as claimed in claim 12 wherein said chromium compounds are at least one compound 
selected from the group cornposed of chromium oxide, chromium fluoride, fluorochromium oxide and chlorof luoro- 
chromium oxide. 

5 14. A catalysts for fluorination as claimed in claim 13 which is fluorinated and for which the specific surface area after 
fluorination Is within 25 m^/g - 130 m^/g. 

1 5. A catalysts for fluorination as claimed in claim 12 in which at least one element selected from the group cornposed 
of cadmium, magnesium and titanium having an Improving effect on reactivity or selectivity Is added. 

1 6. A method of preparing catalysts for fluorination when the chromium catalysts in an amorphous state for fluorination 
are prepared and the main conponent of said chromium catalysts Is chromiurn compounds with the addition of at 
least one metal element selected from the group composed of indium, gallium, cobalt, nickel, zinc and aluminum 
and the average valence of the chromium in said chromium compounds is not less than +3.5 but not more than 

15 . , +5.0. wherein chromium catalysts in said amorphous state for fluorination are obtained by calcination in an atmos- 
phere of inert gas. 

17. A method of preparing catalysts for fluorination as claimed in claim 16 wherein said calcination Is conducted at 
380'*C to 41 (y*C for 0,5 hr to 3.5 hr in an atmosphere of inert gas. 

20 . . 

18. A method of preparing catalysts for fluorination as claimed in claim 16 wherein said calcination Is conducted after 
Immersing chromium hydroxide in an aqueous solution of said metal elements followed by drying or said calcination 
Is conducted after obtaining chromium hydroxide containing said metal elements by copreclpltation from an aque- 
ous solution dissolving said metal elements and chromium followed by drying. 

25 

19. A method of preparing catalysts for fluorination as claimed rn claim 16 wherein sajd chromium conpounds are at 
least one compound selected from the group composed of chromium oxide, chromium fluoride, fluorochromium 
oxide and chlorof luorochromium oxide. 

30 20. A method of preparing catalysts for f luorination as claimed In claim 1 9 wherein the spiecif Ic surface area of said cat- 
" alysts for fluorination is controlled within 25 m^/g to 1 30 m^/g by f luorlnating after said calcination. 

21 . A method of preparing catalysts for fluorination as claimed in claim 1 6 wherein at least one element selected from 
the group composed of cadmium, magnesium and titanium having an improving effect on reactivity or selectivity is 
35 added to said catalysts for fluorination. 
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FIG.l 

CATALYST PREPARATION EXAMPLE (CATALYSTS 1-6: 
IMPREGNATION METHOD) 

(CHROMIUM NITRATE) + (AMMONIUM HYDROXIDE) 

i 

PRECIPrrATE OF CHROMIUM HYDROXIDE 
i 

HLTRATION • WASHING WITH WATER 
i 

DRYING AT 120'C FOR 2 HR 
i 

GRINDING UP TO NOT MORE THAN 0^ ma IN PARTIOi SIZE 

I 1 1 1 1 

&i(N03)j Ga(N03)s Co(N03)2 Ni(N03)2 ZnCNOs)! AlO^Os)} 

• 3H2O • 8H2O • BHzO ■ 6H2O - 6H2O - 9H2O 

CATALYST 1 CATALYST 2 CATALYST 3 CATALYST 4 CATALYSTS CATALYST 6 
IMMERSED IN EACH AQUEOUS SOLUTION AND ALLOWED TO STAND FOR 12 HR 

i 

DRYING • GRINDING 
i 

(JRAPHITE ADDmON 
i 

COMnCESSION MOLDING 
i 

CONTACT IN NITROGEN AT 400 FOR 2 HR (CALCINATION) 

i 

CONTACT IN HF GAS + NITROGEN GAS AT 200-360 1: FOR 2 HR 
(FLUORINATION) ^ 

CATALYSTS 1-6 
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FIG.2 

CATALYST PREPARATION EXAMPLE (CATALYSTS 7 -AND 8 : 
COPRECIPITATION METHOD) 

CATALYST 7 CATALYST 8 
(CHROMIUM MTKATE + INDIUM NItRATE) (CHROMIDM NTTRATE + NICKEL NTTRATE) 

+ ■ ■■•■■.' + 

(AMMONIUM HYDROXIDE) (AMMONIUM HYDROXTDE) 

PRECIPrTATE OF CHROMIUM HYDROXIDE PRECIPnATE OF CHROMIUM HYDROXIDE 
CONTAINING INDIUM CONTAINING NICKEL 



FILTRATCON • WASHING WITH WATER 

: • ■ ' • . ' •' --l- . . 

DRYING AT 120 *C FOR 2 HR 

■ • .• ■ -I 
GRINDING UP TO NOT MORE THAN 0^ mm IN PARTICLE SIZE 

. • ' i • ' • ^- • ■ 

GRAPHITE ADDITION 

' i . . 

COMPRESSION • MOUDING 
CONTACT IN NTTROGEN AT 400 "C FOR 2 HR (CALCINATION) 

I ■- ' . 

CONTACT IN HF GAS + NITROGEN GAS AT 200-360 "C FOR 2 HR 
(FLUORJNATION) 

J . 
CATALYSTS 7-8 
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Fias 

CATALYST PREPARATION EXAMPLE (COMPARATIVE CATALYSTS 1-3) 
(CHROMIUM NITRATE) + (AMMONIUM HYDROXIDE) 

i 

PRECIPITATE OF CHROMIUM HYDROXIDE 
1 

FILTRATION • WASHING WITH WATER 
i 

DRYING AT 120t: FOR 2 HR 
i 

GRINDING UP TO NOT MORE THAN 0^ nmIN PARTICLE SIZE 



COMPARATIVE 
CATALYST 1 



J 

CONTACT IN Na GAS AT MORE THAN 
550 FOR 2 HR (CALCINATION) 



COMPARATIVE 
CATALYST 2- 



1 

COMPARATIVE 
CATALYST 3 

IMMERSION IN 
In(N03)3 -SlfcO 
i 

DRYING • GRINDING 



GRAPHITE ADDrnO>" 

i 

COMPRESSION • MOLDING 

CONTACT IN NITROGEN AT 400 °C FOR 2 HR (CALCINATION) 

CONTACT IN HF GAS + NITROGEN GAS AT 200-360 1: FOR 2 HR 
(FLUOEINATION) ^ 

COMPARATIVE CATALYSTS 1-3 
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